
THE CONDITIONS THAT UNDERLIE THE PE-
CULIARITIES IN THE BEHAVIOUR OF THE
COLOURED BLOOD-CORPUSCLES TO CERTAIN
SUBSTANCES. BY G. N. STEWART, Cleveland, U.S.A.

THE question whether the so-called vital peculiarities of cells, and in
particular their power of selecting certain substances from the liquids
with which they are in contact and of rejecting, others, depend upon a
certain physical structuire or chemical composition of the cell-envelope
or cell-substance, is of such high and general importance that all facts
which throw light upon it ought to be recorded. I have made a series
of experiments with the view of determining whether " vital" or
physico-chemical conditions are at the bottom of some of the very
peculiar actions of the coloured corpuscles. I have chosen these
especially because the coloured corpuscles are probably in their
physiological relations among the simplest of all cells, and, in addition,
offer, in several respects, considerable advantages as test objects.
Since in regard to all the peculiarities which I wished to investigate
previous experiments' have revealed no essential difference between
the nucleated and non-nucleated corpuscles, I have preferred to start
with the latter.

The researches of Hedin2, Eykman3, and others have shown that
the permeability of the blood-corpuscles is very different for different
substances, either naturally existingr in the plasma or artificially added
to it. For example, NH4C1 is readily taken up by the corpuscles,
NaCI with difficulty or not at all. I have been able4 fully to confirm
this difference in the behaviour of NH4C1 and NaCl by measuiring the
electrical conductivity of blood after the addition of one or other of
these salts in known amount. I have further proved that the passage
of the haemoglobin and of the electrolytes out of the corpuscles when

I This Journal, xxiv. p. 211. 1899.
2 Pfluiger's Archiv, LXVIII. S. 229. 1897.
3 Ibid. S. 58.
4 JOC. Cit.
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blood is acted on by laking agents is not governed by the same laws,
but that under certain conditions the hemoolobin will,come out alone
and the electrolytes be left behind, while under others the heamoglobin
and electrolytes will pass simultaneously out of the corpuscles. Also
when the electrolytes have remained in the ghosts of the corpuscles
after certain forms of laking they can be brought out by the addition
of other laking reagents. Obviously we have a large number of tests
at our disposal which we cani apply to the corpuscles. I selected three
for systematic application:

(1) The behaviour of the corpuscles to NH4Cl and NaCl.
(2) The action of saponin (a) in bringing out the blood-pigment,

(b) in increasing the conductivity.
(3) The action of water (a) in bringing out blood-pigment,

(b) in relatively increasing the conductivity.
In addition numerous observations of the conductivity of the blood

without admiiixture of any foreign substance, or of blood to which a
fixing reagent (formaldehyde) had been added were made from time to
time during an experiment, as well as comparisons of the conductivity
of the serum and sediment. In regard to these last observations it
may be said at once that no evidence was found that any notable
change in the conductivity of blood accompanies the loss of the "vital"
properties of the corpuscles. In particular it was observed that the
corpuscles under a great variety of circumstances incompatible with
their life preserved their relative impermeability to the electrolytes of
the serum. The three standard tests were applied to the corpuscles of
perfectlv fresh blood, to the corpuscles of blood which had stood for
various periods from a few hours to some weeks, to the ghosts of the
corpuscles of blood laked in various ways, and especially by heating to
620 C., andi finally to the intact corpuscles of blood fixed by a gradually
acting reagent (formaldehyde) and the ghosts of heat-laked blood to
which formaldehyde had been added.

General routine of the experiments and explanation of the tables.-In all
the experiments, except where it is otherwise stated, the procedure was as
follows. The conductivity of the blood was determined; then a given
volume of the blood was measured into a test-tube and mixed with an equal
volume of a solution of NH4C1 whose conductivity (and freezing-point) were
known. The contents of the test-tube were well shaken, and after an
interval, which was noted, the conductivity of the mixture was determined,
In the tabular results the length of this interval is sometimes given, in hours

33-2
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and minutes, in a column headed "interval." Sometimes the time of mixture
and time of measurement are given. Thus in Exp. I. on Mar. 30, at
11.35 a.m. defibrinated blood was mixed with an equal volume of a solution
of NH4Cl whose conductivity was 141 62, and its freezing-point - 0.6360. (The
NH4Cl solution was made by adding to abotut 90 c.c. of a saturated solution
of the salt enough distilled water to briiig the volume up to about 2400 c.c.)
10 minutes later the conductivity of the mixture was 70-22. In 11 minutes
from the time of mixture it was 49-51, and in 3 hours, 13 min. from the time
of mixture, 51 52. "Blood + NH4Cl " always mieans that an equal volume
of the NH4Cl solution was added to the blood.

A similar observation was then made on the blood mixed with an equal
volume of NaCl solution whose conductivity (and freezing-point) were known.
In Exp. I. the NaCl solution was made by adding to 90 c.c. of a saturated
solution of the salt enough distilled water to bring the volume up to 2400 c.c.
Its conductivity was 138-52 and its freezinig-point - 0.729°. In some experi-
ments solutions of NH401 and NaCl containing smaller quantities of the salts
were used. The NH4Cl and NaCl solutions were always adjusted so that
the conductivity of the former was a little greater than that of the latter.
When in spite of this the conductivity of the mixture of blood and NH4CI
was markedly less than that of the imiixture of blood and NaCl, one did not
hesitate to conclude that an absorption of NH4Cl by the corpuscles had taken
place. Since NH4Cl penetrates the corpuscles there was no purpose to be
served in using isosmotic solutions of NH4Cl and NaCl. " Blood + NaCl "
always means that an equal volume of the NaCl solution was added to
the blood.

The next step was to add saponin solution to another specimen of the
blood and, after a known interval, to measure the conductivity of the
mixture. The saponin solution usually used was made by dissolving about
3 grammes of crude quillaia saponin in a NaCl solution whose freezing-point
was - 0.4160 and making up the volume with the NaCl solution to 100 c.c.
The freezing-point of this saponin solution was - 0.529° after filtration.
Sometimes the saponin solution was made with a stronger NaCl solution,
the freezing point of which was about 0-73'.

Unless otherwise stated, .08 volume of the saponin solution was added to
one volume of blood, this being a quantity not much above the minimum
amount required to cause complete laking in normal blood. "Blood + sa-
ponin " always means that the saponin soluition was added in this proportion.
A control experiment was often made in which as much of the NaCl solution
used in making the sapontin solution was added to the blood as had been
added of the saponin solution. When the increase of conductivity in this
control experiment was distinctly less than that caused by the addition of
saponin solution it was concluded that the latter had occasioned the passage
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of electrolytes out of the corpuscles, or had rendered the corpuscles better
conductors l.

Finally an observation was made on the conductivity of a specimen of
the blood to which distilled water had been added. Unless otherwise
mentioned, 2 volumes of water were added to 1 volume of blood.
"Blood + water" always has this signification.

Then a second series of observations was made on the blood in the same
way after it had stood a certain time. In some cases several series of such
measurements were made, extending over 3 or 4 days, or even in one experiment
over fully a fortnight. Sometimes the complete series (NH4Cl, NaCl, saponin
and water) was not worked out, buit only a portion of it. The conductivities
(expressed in reciprocal ohms) are given in the tables under the heading X,
and are always reduced to 50 C., X being an abbreviation for X (5) x 108.
The tube, as in my previous experiments, was immersed in running water
from the tap. The temperature of the water at the time of measurement was
always read, and seldom varied more than 10 or 2° from 5°. The blood used
was always dogs' defibrinated blood, which had been strained through muslin.
Except when otherwise stated the blood and all preparations made from it
were kept in a cold room, whose temperature did not rise much above 10°
during the day and fell below this during the night.

DISCUSSION OF EXPERIMENTS AND STATEMENT OF RESULTS.

ID Exp. I. defibrinated blood was followed for a period of 3 days,
beginning 15 minutes after the artery was opened. It will be observed
that the conductivity of the blood + NH4Cl is always markedly less
than that of the blood + NaCl, and, what interests us mainly at
present, that the difference is practically as great on the third day as
when the blood is perfectly fresh. We must conclude that the great
permeability of the corpuscles to NH4C1 and their practical
impermeability to NaCl is not affected by any loss of
" vitality " which is possible within three days. This statement
is based upon measurements of conductivity made 11 to 25 minutes
after mixture. When the measurement is made within a shorter
interval there is a remarkable difference, and one that is only observed
when the experiments are begun very early after the drawing of the

1 I shall show in another paper that, under certain conditions at any rate (e.g. when
it is added to blood previously treated with formaldehyde), saponin produces its effect on
the conductivity of the blood by markedly increasing the conductivity of the corpuscles.
This increase is not necessarily accompanied by any change in the conductivity of the
serum. It may be produced after the formaldehyde has acted for many days.
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blood. Thus, in the perfectly fresh blood 10 minutes after mixture
X was 70-22 for blood + NH,Cl and there was no laking, while,
1 minute later X had sunk to 49 51 and the blood was dark and laked.

Exp. I. Mar. 30. At 10.45 a.m. obtained defibrinated blood from a dog. At 11.07 a.m.
added to 75 c.c. of the defibrinated blood 20 0.c. of an 80/o solution of formaldehyde in
about 10/0 NaCl solution. Added the formaldehyde solution drop by drop, stirring well.
Call the mixture A. At 11.20 a.m. added to 75 c.c. of the defibrinated blood 20 c.c. of
the NaCl solution used in making the formaldehyde solution. Call this mixture B. For
the formaldehyde solution X=89.89; for the NaCl solution used in making it X=138 52.
The same NaCl solution was used throughout the experiment. For the NH4C1 solution
X= 141-62; for the saponin solution X=80 22; for the NaCl solution used in making the
saponin solution X =78-24; for the serum from the clot of some of the same dog's blood
X=85-64.

Defibrinated blood.

Interval
Time

h. m.

Mar. 30
11.00 a.m. The defib. blood ... ... 32-67
11.35 Blood + NH4C1 ... ... 10 70-22
11.46 (Became rather abruptly darker and 11 49,51

2.48 p.m. laked) 3 13 51-52
11.38 a.m. Blood + NaCl . ... ... ... 12 76-59
2.40 p.m. 3 2 74-56
3.03 Blood + NaCl ... ... ... ... 33 76-59
3.044 Blood+NH4Cl ... ... 24 74-12
3.09 No laking. Is a little darker than

the corresponding NaCl blood
3.15 104 67-60
3.224 Surface layer of blood in test-tube 18 56-84

has just become rather suddenly
dark

3.30 Darkening is marked 254 49-13
5.35 The defib. blood 33-80
Mar. 31
9.45 a.m. The defib. blood ... ... 32,67
8.59 Blood + NH4Cl (laking at top in 17 49-80

9 mins. In 12 mins. well laked)
9.31 Blood + NaCl . .. 2 1 77-29
10.17 Blood + saponin. (In 4 mins. only 24 52-59

some darkening. Completely laked
in 17 mins.)

11.45 Blood+water ... ... 23 17-37
April 1
2.31 p.m. The defib. blood ... ... 32-13
6.04 Blood+NH4Cl (well laked in 2 mins.) 11 51-11
6.35 Blood+NH4Cl. Begins to darken in

30 secs. Is distinctly darker in
45 sees. In 1 min. is partly laked
and in 1 min. 40 secs. from time
of mixture is well laked
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Formaldehyde blood (A).

Interval
Time x

h. M.

Mar. 30
3.00 p.m. A is distinctly browner than B
4.01 A+NH4Cl (quite dark and laked in 6i 74412

17 mine.)
4.20 19 58-14
4.36 35 58-28
3.59 A + NaCl ... ... 2 14 75 67
5.13 (Not laked) ... ... ...

(15 hrs. later was dark and laked) 15 64-67
4.41k A + NH4Cl ... ... ... ...
4.51 No laking ... ... ... ...

4.55 Considerably darker
4.56 Still darker... ...
4.58 Almost black in reflected light
5.00 Maximum darkening reached ...
4.52 A ... ... ... ... ... 42 04
MIar. 31
10.02 a.m. A ... ... ... ... 39 73
8.57 A+NH Cl 7 73.90
9.37 No laking. No change of colour, 40 70-42

or very slight darkening
10.00 Distinctly darker than A ...
10.13 1 16 67-79
10.20 Quite dark ...
11.07 Although dark, it does not seem 2 10 62-90

laked
9.28 a.m. A + NaCl. ... ... .. 1 48 78-00

10.16 A + saponin. (No effect seen in 33 62-59
33 mins.)

A + as much of the NaCl solution 42-60
used in making the saponin solu-
tion as was added of the saponin
solution ... ... ... ...

11.42 A + water ... ... 9 24 78
12.04 No laking. Even after 22 hrs. 22 24-66

very little blood-pigment in
solution

April 1
2.24 p.m. A ... ... ... ... 39-36
1.39 A + NH4Cl ... ... ... ... 13 74.34
5.46 Not laked nor darkened ... ... 4 7. 68-33

20 64-52
1.40 p.m. A + NaCl ... ... 35 78-48
5.46 4 6 78-00

20 78-00
1.46 p.m. A + saponin. ... 22 62-75
3.13 Not laked 1 27 62-59
1.43 p.m. A + water ... ... ... 17 24-83
6.45 Not laked ... 5 2 24-56
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Blood + NaCl (B).

Interval
Time x

h. M.

Mar. 30
4.02 p.m. B + NH4Cl. (Very slight darkening 12 80-99

in 12 mins )
4.28 (Darkening still very slight) ... ... 76-36
4.39 Began to darken distinctly at top of

test-tube
4.48 Considerable laking ... ... ...

5.06 Not nearly so dark nor so well laked 63-37
as the corresponding mixture of A
and NH4Cl. After standing 14 hrs.
in the cold, a large number of cor-
puscles are still unlaked. There
is a much smaller sediment of un-
laked corpuscles in the correspond-
ing mixture of defibrinated blood
and NH4C1

5.28 B ... ... ... ... ... 48-38

Mar. 31
9.52 a.m. B ... ... 49-61
8.58 a.m. B + NH4Cl. (S3light darkening in 10 25 64-34

mins.; distinct laking at top in
22 mins. Even in 27 mins. is not
so dark as corresponding mixture

9 of defib. blood and NH.Cl)
9.30 B+NaCl ... ... 1 56 87-72

10.16 B + saponin (completely laked in 5 18 69-64
mins.)

11.44 B+water (lakes at once) ... 13 22 34
April 1
2.41 p.m. B ... ... ... ... 46-09
6.04t B + NH4C1. (Begins to darken in 20 61-83

1j mins. In 3 mins. is as dark as,
and in 4 mins. darker than the
corresponding mixture of defib.
blood and NH4Cl)

It could be noticed during the measurement that the resistance was
increasing. In a second observation 3 hours and 20 minutes after the
blood was drawn comparatively little passage was afforded to the
NH4Cl into the corpuscles for IOj to 18 minuites, and then with a
certain abruptness the resistance began to run up and the blood to
darken. The most natural interpretation of these results is that
there is a relatively long period of resistance to the pene-
tration of NH4C1 in the case of fresh and living corpuscles.
During this period the NH4C1 either does not penetrate at all or it
does so in small amount and with relative slowness. Rather suddenly
the corpuscles become permeable to the NH4C1, and then laking occurs,
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although with the strength and amount of the NH4Cl solutions used
by me the laking is usually not complete. It is difficult to resist
the idea that a struggle is going on during this period between
the living corpuscle and the hurtful NH4C1 solution. For a time
the resistance of the corpuscle is tolerably successful. All at once
it succumbs. The NH4Cl obtains free entrance, and the water in
the NH4Cl solution then acts as if the salt were not present at all.
When the blood has stood some time the period of resistance is greatly
curtailed. Thus on April 1, the blood was well laked 2 minutes after
the addition of NH4C1. It is perhaps worth noting that when NH,Cl
solution causes laking in blood the darkening begins in the surface
layer and then extends down the test-tube. I am unable at present to
suggest an explanation of this.

The permeability of the corpuscles for NaCl is not markedly altered
during the period of the experiment. The same is.true as regards the
normal electrolytes of the serum (including NaCI), since the conduc-
tivity of the blood remains almost constant throuighout the three days.
Exp. VI. shows that defibrinated blood which has stood even for
twelve days in the cold without being laked exhibits the same
" selective " absorption of NH4C1 in preference to NaCl, although
the absolute difference is not perhaps so great.

The observations (in Exp. I.) on the fresh defibrinated blood to
which formaldehyde was added (A) afford several results of interest
when we compare its behaviour to NH4C1 and NaCl either with that
of the defibrinated blood or with that of the defibrinated blood (B) to
which as much NaCl solution had been added as was added to blood A
of the formaldehyde solution. In the first place an early effect of
the formaldehyde is to render the corpuscles more permeable
to NH4C1 than is the case in the defibrinated blood so that
the darkening and diminution of conductivity occur somewhat sooner
in the formaldehyde than in the normal blood. The minimum
conductivity attained is of course greater than iu the case of the
defibrinated blood, because the original conductivity of the formal-
dehyde blood is greater owing to the NaCl in the formaldehyde
solution.

A second noteworthy fact is that at an early stage in the
action of formaldehyde (as is shown in the obs. of Mar. 30,
3.59 p.m. Exp. I.) the corpuscles are rendered more permeable
than normal to NaCl. This is clearly shown in several ways:
(1) The conductivity of A + NaCl (after 2 hours, 14 min.) is too low
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compared with that of the defibrinated blood + NaCl to permit Us to
suppose that none of the NaCl has enitered the corpuscles. (2) After
15 hours A + NaCI was seen to be laked, and the conductivity was
distinctly diminished. (Doubtless the blood was laked earlier although
it was not observed.) (3) In the observations on A + NaCl on Mar. 31
and April 1 the conductivity is distinctly higher than in the similar
mixture of A and NaCl made on Mar. 30. It is also sensibly constant
and does not diminish as the mixtures continue to stand. And, what
is quite as striking, there is no laking in these mixtures. We nmust
accordingly conclude that while formaldehyde at first rernders
the corpuscles more permeable to NaCI it later on renders
them again as impermeable as in normal blood. A small
amount of NaCl seems to slowly penetrate the corpuscles even in
ordinary blood, for in the observation of Mar. 30, 11.38 a.m. (Exp. I.)
the conductivity is. lower after the mixture of defibrinated blood and
NaCl has stood 3 hours.

When the fixing action of the formaldehyde has gone
so far that NH4Cl solution no longer causes the liberation
of the blood-pigment from the corpuscles, NH4C1 still
penetrates them in preference to NaCl. This is clearly seen
in the observations on blood A on April 1 (Exp. I.). It is also shown
there that the penetration of the NH4C1 goes on more slowly than in
Dormal blood. Thus, 20 hours after mixture the conductivity of
A+ NH4Cl is markedly less than 4 hours after mixture, and 4 hours
after mixture it is miuch less than 13 minutes after mixture.

In blood B (Exp. I.) the laking of the corpuscles by NH4C1 solution
is distinctly less rapid than in normal blood so long as the blood is
fresh. This must be attributed to the protective action of the NaCl
added to B.

As regards the action of saponin solution and water
it is a remarkable fact (illustrated in Exp. I. and still better
in other experiments) that the conductivity is affected by
the addition of these reagrents to formaldehyde blood ex-
actly in the same way as when they are added to normal
blood. This is true even when the blood-pigment has
been fixed in the corpuscles by the formaldehyde so that
no laking is produced by the saponin or water. If there
is any difference at all as regards the effect of water or saponin on the
conductivity of the normal and formaldehyde blood, it lies in this that
a rather larger relative increase in conductivity is produced in the
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formaldehyde blood. Thus in Exp. I. Mar. 31, the ratio of the
conductivity of the defibrinated blood to that of the blood + two
volumes of water is 1-88; while in the same Exp. on April 1, the ratio
of the conductivity of the formaldehyde blood to that of the formal-
debyde blood + two volumes of water is 1P58.

This is a convenient place to mention a fact which I have not
hitherto seen recorded, namely, that the formaldehyde when it acts on
blood changes the haemoglobin into methamoglobin. This change
takes place inside the corpuscles when the formaldehyde is added in
NaCl solution, so that the blood is not laked. When a sufficient
volume of the formaldehyde in watery solution is added to blood, the
blood is laked since, as Hedin has shown', the corpuscles are easily
permeable to formaldehyde. In this case the change of hamoglobin into
methwemoglobin takes place outside of the corpuscles. Benedicenti2
has stated that when formaldehyde is added to blood, haema.tin is formed
not meth&moglobin. I can only say that my observations have led
me to the opposite conclusion. The cauitious addition of ammonium
sulphide to formaldehyde blood diluted with boiled water causes first
the oxyhaemoglobin bands to appear, and then the band of reduced
hbemoglobin, while the band in the red fades out. With such solutions
of fornmaldehyde as I have used the production of methaemoglobin is
gradual, and for some time after the addition of the formaldehyde the
oxyha3moexglobin bands are stronger than the band in the red.

In Exp. II. blood to which formaldehyde had been added was
followed for a much longer time than in Exp. I., with the view of
determining how long the preference for NH,CI over NaCI on the part
of the corpuscles would persist. The result was surprising. 15 days
after the addition of the formaldehyde there was still a
distinct, and apparently not a diminishing difference in
permeability in favour of the NH4Cl This difference was

particularly evident when a considerable interval elapsed between
mixture and measurement. Saponin caused a somewhat greater
increase in conductivity at the end than at the beginning
of the experiment. Water also produced at least as great
a relative increase, and apparently a somewhat greater in-
crease after the formaldehyde had acted for 15 days than
at the beginning of the experiment. And this was the
case both for saponin and water at a time when all the

2 Adrchiv f. Physiol., S. 210, 1897.
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b,lood-pigment had become fixed in the corpuscles, and no
laking occurred.

Even in less than 6 hours after the addition of the formaldehyde
it was noticed that heating of the blood to 60°62° in one ob-
servation, and to 55° 60° in another failed to cause laking, and
produced instead a precipitate.

To remove the objection that the results obtained with the formal-
dehyde blood might possibly be due not to the interaction of the cor-
puscles and the NH4Cl, NaCl, saponin and water, but to some reaction
between the extra-corptuscular liquid and these substances, Experiments
III. and IV. wore carried out.

Exp. III. To 100 c.c. of dog's defibrinated blood (drawn 68 hours before and kept in
the cold) added drop by drop, with constant stirring, 3 c.c. of 400/0 formaldehyde solution.
After standing 30i hours, a portion of the mixture, which had become considerably darker,
was centrifugalised for 25 mins. The experiments summarised in the table were im-
mediately made with the original defibrinated blood, the formol blood, the top of the
centrifugalised formol blood (which still contained numerous corpuscles), and the bottom
of the centrifugalised formol blood. 18i hours later, i.e. 49 hours after the addition of
the formaldehyde, a second series of experiments was made with the formol blood.

Formol Top of Bottom of Formol
Deflb. blood formol formol blood
blood (lst series) blood blood (2nd series)
x x x x

31'22 29-48 34-54 28,81 30-18
-NH4C1 51-95 49-13 54A40 46-69 66.90* For the NH4Cl sol. X = 137-77
-NaCl 76-82 67-24 70-81 64-67 69A45t For the NaCl sol. X = 132 03
-saponin 5040 53'26 57 09 52'43 54 05+ For the saponin sol. X=80-22
-water 20-17 21'72 22-02 20-76 22-42§ For the serum from blood-clot

obtained from the same dog
= 83&66

Except where indicated in the footnotes the measurements were all made 17 to
18 hours after mixture. The NH4Cl solution caused rapid laking of the defibrinated
blood but no laking of any of the other specimens in 30 mins. After 17 hours there was
complete laking in all the specimens to which NH4CI had been added, except in the
second series of formol specimens, in which there was no laking even in 50 hours. Water
caused immediate laking in the defibrinated blood but none in the others. The NaCl
solution caused no laking. The saponin solution caused rapid laking in the defibrinated
blood but none in the others.

* 4i hours after mixture; 51; hours after mixture X = 62-75, and 541 hours after
mixture X=62-51.

t 4i hours after mixture; 51* hours after mixture X = 72 43.
+ 5 hours after mixture; 51i hours after mixture X=53-71.
§ 5 hours after mixture; 51j hours after mixture X=23-04.

Exp. IV. Serum I. was obtained from dog's blood-clot. For it X=82'57. It contained
some blood-corpuscles. To it was added half its volume of a 3 0/0 solution of formaldehyde in
a NaCl solution (X= 78 00). Serum II. + formol was the same serum after it had stood
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24 hours in the cold and some of the corpuscles had settled. It still contained a few red
corpuscles, but not so many as serum I. For the NH4CI solution added to serum I.
+ formol and to serum II. + formol X= 82-30, and for the NaCl solution X = 78-24.
Serum III. was from the clot of another dog's blood and was free from coloured corpuscles.
For serum III. X=83'66; for the NH4C1 solution added to it X=137-77, and for the
NaCl solution X=132-03. No formol was added to serum III. nor serum IV.

Serum I. + formol Serum II. + formol The formol sol. usedfor Serum I. and H.

Actual Tlheoret. Diff. Actual Theoret Diff. Actual Theoret. Diff.
77-52 79.97 61-83

. NH4C1 76-13 79'91 - 3-78 79 47 81 13 - 1-66 72 84 7206 +0-78
+ NaCI 78,97 77-81 +P109 79 47 79,10 +0 37 72,22 70 03 +P199

Serum III. Serum IV. Another formol solution

X X X X X x
Actual Tlieoret. Diff. Actual Theoret. Diff. Actual Theoret. Diff.
83-66 85-64 68-14

+NH Cl 109-74 110'71 - 0 97
+Nadl 106,96 107'84 -0-88
+ saponin 84-22 85'23 - 1P01 67-24 68-71 - 1P47
+ water 26-88

The numbers under the heading "X theoretical " are the arithmetical means of the
conductivities of the NH4CI or NaCl solutions and the serum or serum mixtures to which
they were added. As was always the case, except where the contrary is noted, a given
volume of serum was mixed with the same volume of the NH4C1 or NaCl solution. The
saponin solution was a 3O/0 solution of crude saponin in NaCl solution for which X = 78 24.
For the saponin solution X=80-22. To serum IV. it was added in the usual quantity,
viz. for 1 vol. serum *08 vol. of the saponin solution. To the formol solution the saponin
solution was added in the proportion of 05 vol. saponin solution to 1 vol. formol solution.

In Exp. III. a number of specimens of formaldehyde blood con-
taining corpuscles in different proportions were submiitted to the usual
tests. That is to say, some defibrinated blood to which formaldehyde
had been added was ceuitrifugalised and the behaviour of the top and
bottom layers compared with that of the non-cenitrifugalised fortmal-
dehyde blood and of the original defibritnated blood. It is obvious
from the table that the difference in the conductivity of the NHCl
and NaCl mixtures is greater in the case of the bottom than of the top
of the formaldehyde blood. The difference between the non-centri-
fugalised formaldehyde blood and the bottom is not more conspicuous
simply because the separation of the corpuscles by the centrifuge was
very incomplete, as is clear from the fact that the conductivity of the
bottom is only a little less than that of the non-centrifugalised formal-
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dehyde blood. As usual, the difference between the NH4C1 and NaCl
mixtures is greater for the normal defibrinated than for the formalde-
hyde blood, and ini the second series of observations on the formaldebyde
blood (when the fixing action had gone further) the difference is less
than in the first series. There is, however, a distinct difference in the
second series, which increases with the interval between mixture and
measurement. Saponin and water, as was seen in previous experiments,
cause quite as great a relative increase of conductivity in all the
specimens of formaldehyde blood as in the defibrinated blood.

In Exp. IV. NH4C1 and NaCl were added to three specimens of
serum, two of which had previously been treated with formaldehyde
and the third not. A smiall difference in the same sense as when
NH4C1 and NaCl are added to blood was obtained when some
corpuscles were present in the serum. This difference was smaller in
the second specimen of the serum from which some of the corpuscles
had been removed by sedimnentation than in the first. When NH4C1
and NaCl were added to serum which was free from coloured corpuscles
the characteristic difference disappeared altogether. The characteristic
difference was also lacking when NH4C1 and NaCl were added to a
formaldehyde solution. Control experiments with saponin and serum
and saponin and formaldehyde likewise showed that no reaction
between these could explain the results.

Haying proved thus far that the peculiarities we are studying
depend on the corpuscles (though not on their life), the next step was
to determine whether the entire structure of the corpuscles must be
preserved in order that the characteristic reactions may be exhibited
or whether the ghosts or shadows of the corpuscles, after they have
been laked in any way, will still show the same pectiliarities. Since,
as I proved in a previous paper', in laking by heat the electrolytes do
not come out of the corpuscles, or do not come out to the sanme extent
as in laking by water or by saponin, the " stroma" may be supposed to
have undergone a smaller change. For this reason it seemed best to
begin by comparing heat-laked with normal blood. This was done in
ExpS. V. and VI.

These experiments show, in the case of fresh and of stale blood
respectively, that after laking by heat the blood has lost its peculiarity
of behaviour as regards NH,C1 and NaCl. Saponin, however, increases
the conductivity of heat-laked, just as of normal blood, and indeed, in

1 bc. cit.
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the case of the heat-laked blood obtained from fresh defibrinated blood
(Exp. V.), to a somewhat greater extent. If normal defibrinated blood
which has been laked by saponin be heated to the temperature at
which the blood would be laked without the addition of saponin, the
conductivity is still further increased. I have pointed out in my
formner paper that water also causes a relative increase in the con-
ductivity of heat-laked blood.

The ghosts of the heat-laked blood, then, preserve some
of the peculiarities of the entire corpuscles, but lose their
characteristic reaction to NH4C1 and NaCl. This suggests
that they preserve certain of the peculiarities of structure of the
corpuscles while losing the rest. That in heat-laking a certain amount
of fixing of the ghosts takes place seems indicated by the observation
mentioned in Exp. VI., that when blood was laked by heat and then
treated with saponin a much larger number of ghosts was found than
when the blood was first laked by saponin and then heated to the
temperature at which heat-laking takes place. To see whether it was
possible to alter the behaviour of the heat-laked blood with reference to
NH,4C and NaCl by fixing the ghosts with formaldehyde, Exp. VII. was
performed. In it the behaviour of defibrinated blood was compared
with that of heat-laked blood with and without the addition of formal-
dehyde, and also with that of defibrinated blood to which formaldehyde
was added. The experiment goes to show that, as a matter of fact,
heat-laked blood after treatment with formaldehyde behaves as regards
NH,Cl and NaCl like normal blood, only the difference between these
two salts is far less. It is possible that the reason why the conductivity
of the mixture of NH4C1 with the beat-laked blood to which formal-
dehyde has not been added is greater than thiat of the NaCl mixture is
that the NH4C1 penetrates the ghosts so easily that the NH4C1 solution
acts on them like water and that this more than counterbalances the
withdrawal of NH4C1 by the ghosts. The formaldehyde by fixing
the ghosts may hinder this action of the NH,Cl solution. It is,
however, against this idea that when NH4C1 or NaCl is added to
heat-laked blood it becomes in both cases somewhat less dark in
reflected light. This would indicate that the ghosts behave in the
same way to both salts as regards osmosis.

The experiment shows that saponin and water act on the
heat-laked blood which has been treated with formaldehyde
just as on normal blood or on ordinary heat-laked blood.

Exp. VII. further enables us to compare during several days
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the behaviour of two specimens of the same blood treated
with formaldehyde in different amounts (A containing 1J /,
and D about 30/0 of formaldehyde). There is no essential difference.
Therefore the peculiarities which formaldehyde blood shares
with normal blood do not depend upon imperfect fixation of
the corpuscles nor on the escape of some of the corpuscles
from fixation on account of a deficiency in the amount of
for maldehyde.

An interesting difference was shown in the result of adding the two
solutions of formaldehyde to the heat-laked blood. The weak solution
caused no noticeable precipitate; the strong solution caused the heat-
laked blood to set almost at once into a firm jelly. It had no such
effect on the defibrinated blood. The explanation doubtless is that the
strong fornmaldehyde solution causes very rapid coagulation of the
contents of the corpuscles which are brought out by heat-laking, and in
particular the liberated blood-pigment, and does not cause such rapid
coagulation of the serum-proteids. A control experiment made on
a solution of methaemoglobin obtained by exposing dry oxyha3moglobin
crystals (prepared from dogs' blood) to the air, showed that the formal-
dehyde solutions used in the experiments caused precipitation of the
methsemoglobin. The methemoglobin from its spectrum appeared
to be free from admixture with oxyhaemoglobin, and since it was
entirely soluble in water it was free from hbematin.

In ordinary blood laked in any way the addition of formaldehyde
produces after a time a precipitate containing not only blood-pigment
buit proteids. An observation which was constantly made when formal-
dehyde blood was laked by NH4Cl, saponin or water is thus explained.
No matter how transparent the liquid might be at first, a precipitate
formed in it on standing and it became thick and turbid. In the
case of NH4Cl this went so far that after some hours the laked blood
set into a solid jelly. This jellying of the blood was only seen when
laking was produced before the formaldehyde had acted very long,
obviously because after the formaldehyde action had gone on for some
time the blood-pigment (or proteid contents of the corpuscles ?) were no
longer brought out by laking agents.

In Exp. VIII. the belhaviour of blood laked in other ways than by
heat, viz. by saponin and water, was tested as regards NH4C1 and NaCl
and compared with that of defibrinated blood. In order to exaggerate
any difference which might exist an attempt was made to collect the
ghosts by centrifugalising blood after laking with saponin. But as I had
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noticed in previous work it is difficult or impossible to separate the
ghosts by the centrifuge; and it is doubtful whether the "bottom"
of the saponin blood used in the experiment contained any great excess
of ghosts. The fact that its conductivity was rather less than that of
the "top" indicates that it contained a somewhat greater number,
since the conductivity of the ghosts, like that of normal corpuscles, is
smaller than that of the serum. The experirnent shows that both
for the saponin-laked and the water-laked blood the conductivity a
few minutes after the addition of NH4C1 was somewhat less than that
of the corresponding mixture of laked blood and NaCl. Taking into
account the fact that the conductivity of the NH4C1 solution was
bigher than that of the NaCI solution, this may indicate that the
ghosts are more permeable to NH4Cl than to NaCl. If this is the case,
the excess of absorption of NH,Cl would seem to lhave disappeared
whena the mixtures were allowed to stand for 22 hours. At any rate
the conductivity of the NH4CI mixture increased, a phenomenon noticed
also in some of the other experiments.

There are other facts which indicate that the ghosts of water-laked
and saponin-laked blood do not behave in the samne way to NH4CI and
NaCl. For instance when NaCl solution is added to water-laked blood
to which it is hyperisotonic the laked blood becomes redder in reflected
light. A similar solution of NH4C1 produces no effect on the appear-
ance of the water-laked blood, which remains dark in reflected light.
The interpretation of this experiment seems to be that the NaCl does
not penetrate the ghosts easily and therefore causes them to shrink,
while the NH4CI, passing freely into them, does not produce any. change
in their shape or volume. It is in accordance with this that when
water-laked blood to which NaCl was added was allowed to stand,
a considerable sediment separated, while water-laked blood to which
NH4C1 was added deposited only a very scanty sediment or none at all.
The specific gravity of the ghosts and partially laked corpuscles when
shrunk by the NaCl would of course be greater than when swollen
by the water or NH4C1 solution. The same difference is seen in
saponin-laked blood to which NaCl and NH4C1 bave been added.

In Exp. IX. the behaviour of spontaneously laked blood to NH4CI,
NaCl, saponiii and water was investigated. From the high conductivity
of the* blood it was evident that laking had taken place some time
before the experiment began. No evidence is afforded by the experi-
ment that the ghosts take up NH4C1 in preference to NaCl. But
probably a good many of the ghosts bad disappeared, and the small
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Exp. IX. Behaviour of 8spontaneously laked blood to NH4C1, NaCI, saponin and water.

In the column headed " theoretical X " are given the conductivities calculated on the
assumption that the total volume of the ghosts is negligible, and that they take no part
in the reaction.

Actual Theoretical
X X Difference

Dog's defib. blood laked spontaneously by
standing in the cold ... ... ... 60-07

+NH Cl (after 20 mins.) .. 70X61 69-77 +0-84
+Nadl (after 20 mins.) ... 70*03 68-33 +1 70
+ -05 vol. saponin sol. (after 30 mins.) 63-37 6090 +2 47
+ 2 vols. water (after 30 mins.) ... 30-25

The NH4C1 solution ... ... ... 79.47
The NaCl solution . .. ... 76-59
The saponin solution.... ... 7752

total volume of gbosts remaining may have prevented a decisive
difference from being shown, if such in reality exists. In spite of the
fact that at this stage of spontaneous laking a great part of the electro-
lytes has come out of the ghosts, saponin caused a small increase in the
conductivity, an increase too great to be accounted for by the NaCl in
the quantity of saponin solution added. The addition of water also
caused a smaller diminution of conductivity than would have been the
case in an ordinary solution of electrolytes.

In Exp. X. the characteristic effect of saponin in increasing the
conductivity of spontaneously laked blood is well shown.

Exp. X. AMar. 9, 1898. Three samples of blood taken from carotid artery of a dog;
a in sterilised flask, defibrinated with broken glass; ,3 in sterilised flask, defirinated
with glass beads; -y in unsterilised vessel. Kept at room temperature.

X(5') X108o
y

Mar. 11 23-91
16 20-86 15-90 'y, perfectly laked, putrid smell; a, perfectly

laked, no smell;*,5 not laked even on Mar. 17.
,,21 37.39 65b04 42*91,,
22 39-82 75'11 51-00
23 45-80 84.38 58-41

Mar. 22 73.37 114 50 91-85 0-08 vol. of saponin sol. was added to samples
+ saponin of a, fi, and -y on Mar. 22. The saponin aol.

,, 23 84-92 137-3 110-22 was made by dissolving 5-2 grms. of crude
saponin in 100 c.c. of dog's serum which had
been heated to 650. The conductivity of the
saponin solution was 82-66.

Microscopical observations. Before summarising the chief conclusions
of the research, I think that some microscopical observations are perhaps
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worth recording here, as they could not be conveniently introduced
elsewhere in the paper. I hope to have another opportunity of
describing more in detail the appearances presented by the numerous
preparations examined.

For fresh preparations the best way of bringing, in my experience,
out the ghosts is to add on the slide a drop of Loffler's methyfene
blue or a solution of methylene blue in normal saline. When this
is done crowds of ghosts can often be seen where they were altogether
or almost invisible before. I have tried to harden and stain the ghosts
of water-laked blood, and by using formaldehyde for the fixing agent
have met with some slight degree of success, although they are certainly
difficult objects to obtain permanent preparations of. When fixed by
formaldehyde they stain with eosin, but not in the fresh condition.
The ghosts of water-laked blood fixed with formaldehyde appear as
rings with a double contour. Sometimes fragments of the rings may be
seen, also showing the double contour. Sometimes the rings may
be seen to be broken at one point and lying like the broken hoops
of a cask.

Perhaps the most interesting point was noticed in fresh preparations
of blood which had been treated with formaldehyde and then laked by
NH4C1 solution or water. Here on a casual view many of the ghosts
appear to be elliptical in outline, presenting all gradations in the length
of the minor axis, while the major axis is of approximately constant
length and about equal to the diameter of a normal coloured corpuscle.
A little study shows that this appearance is due to the fact that
although the ghosts are really round, thin discs, they lie with their flat
surface tilted at all angles to the line of vision, so that one diameter is
foreshortened. When seen on the flat they are round. When seen exactly
on edge they are not always dumb-bell shaped, like normal corpuscles
or fornmaldehyde-hardened corpuscles that have not been laked, but may
look like narrow rods with double contours. They may even appear to
be slightly bulged out where the normal corpuscle is cupped, so that
some of them when seen exactly on edge may present the appearance
of an exceedingly narrow ellipse. In ordinary blood laked by water or
NH4C1 or saponin all the ghosts appear round, no matter in what
position they are viewed. Nor is the oval appearance seen in formnal-
dehyde blood when the laking agents have been added at such a stage
in the action of the formaldehyde that the contents of the corpuscle are
already fixed and laking does not take place. In the laked formal-
dehyde blood although the blood-pigment has passed out of the
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corpuscles, swelling of the ghosts has evidently been prevented by
the fixing of some structure in them, except that they may perhaps
swell so far as is necessary to obliterate the normal biconcavity.
Owing to their new shape or their altered specific gravity, I suppose
they have acquired the power of floating indifferently in any position in
the drop. The fact that there is enough of fixed material in the ghosts
after the escape of the blood-pigment to enable them to retain their
characteristic shape seems to indicate the existence of a "stroma" in
Rollett's sense.

It is in favour of this view too that in formaldehyde blood to which
saponin has been added, even when the saponin has caused the liberation
of the blood-pigment from the corpuscles, the addition of water or a
watery solution of methylene blue does not break up the ghosts, as is
the case when water or a watery soluition of methylene blue is added to
ordinary saponin-laked bloo(l.

In heat-laked blood the ghosts are more irregular in size and less
regularly round in shape than in water-laked blood, and the average
diameter is less. The ghosts in heat-laked blood are not altered in
appearance or in their behaviour to methylerie blue by the addition of
NH4CI, NaCl, saponin or water in the quantities in which I have used
them. In saponin-laked blood the leucocytes often appear larger than
usual, as if swollen. The nucleus, which still stains well with methylene
blue is often displaced to one side, as if the leucocyte had swelled more
on one side of it than on the other. The leucocytes still give the brown
reaction with iodine.

In nucleated coloured corpuscles (of bird) the nucleus can also be
displaced by various methods of laking. But if the corpuscles have
been first acted on by formaldehyde, the hbemoalobin can be removed
from them without alteration in the shape or positiod of the nucleus.
It is possible by a combination of laking and fixing to cause the
nuclear material which stains with methylene blue to become diffused
through the corpuscle without escaping, for example when the blood is
laked by water and then fixed by formaldehyde.

SUMMARY.

1. The difference in the behaviour of the coloured corpuscles to
NH4C1 and NaCl is not dependent on the life but on the structure of
the corpuscles, and not merely on the structure of the entire corpuscle
but to some extent on the structure of the colourless portion of it
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(stroma, envelope). The characteristic difference is exhibited by blood
which has stood for as much as 12 days without being laked, by blood
which has been fixed by formaldehyde, and to a smaller extent by blood
laked by saponin and by water.

2. There is, however, a noteworthy distinction between the per-
fectly fresh corpuscles and corpuscles which have stood some time in
the length of the period of resistance to the entrance of NH4C1, whicb
is much greater for fresh than for stale corpuscles.

3. Formaldehyde at first increases the permeability of the cor-
puscles for NH4C1, or at any rate shortens the period of resistance, and
even renders the corpuscles permeable to NaCl. Later on, as the
formaldehyde continues to act on the corpuscles, the permeability for
NH4CI diminishes and that for NaCl disappears. But even 15 days
after the addition of formaldehyde to blood, and at a time when the
corpuscles are completely fixed, they remain relatively permeable to
NH4Cl.

4. Saponin and water have the same effect on the conductivity of
blood whether they are added to fresh blood, stale blood, blood
hardened by formnaldehyde, or blood laked by heat. This action does
not deepend on the liberation of the blood-pigment but is the same
whether laking is possible or not.

5. When blood is laked by NH4CI or water after the corpuscles
have been partially fixed by formaldehyde, the ghosts, notwithstanding
the liberation of the blood-pigment, retain the for-m of thin discs.

6. When formaldehyde is added to blood it changes the haemoglobin
into methemoglobin.
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